Overcrowding in the perimeter zone is an inevitable issue in residential rooms with limited space.
Introduction
Personal living space in many metropolises is still restricted. For example, the average "saleable area" in Hong Kong was 15.6 m 2 in 1999 (Liu et al. 1999) , and the average living space in Shanghai was 17.3 m 2 in 2012 (SHANGHAI 2012). The development of high density residential buildings leads to small dwelling units (Chan et al. 2002) . Unlike in large dwellings, residents of small units have to make efficient use of every centimeter of space so that complicated living functions are conducted in one crowded space (Rooney 2003) . Numerous studies have been conducted on using the space more efficiently in small residential units, in terms of user behaviors, furniture layouts, and spatial configurations (Gifford 2007; Mahtab-uz-Zaman and Lau 2002; BordasAstudillo et al. 2003) . Surveys in occupied rooms reveal that space use patterns are based on daylight distribution. The space in perimeter zones (i.e., window area) is often used for the activities, such as reading and cooking, that require high light levels (Ruck et al. 2000) . The Wong's study indicates that the use-territory for each user activity can be demarcated by the related furniture layouts and associated space (Wong 2010) . Compared with the room size, furniture is relatively oversized (Rooney 2001) in small residential rooms. Thus, the furniture or other household items usually occupy most of the perimeter zone for activities that require high light levels. Moreover, a piece of fully used furniture no longer functions as a single plane, but is a three-dimensional solid that obstructs daylight (see Fig. 1 ). In this way, the used space in perimeter zones appears as an opaque obstruction with a reflectance value, which, however, may negatively affect the interior daylighting conditions. Current studies of Fig. 1 Use of space in perimeter zones in a space-limited room residential building facades typically investigate daylighting in empty rooms, which differs substantially from the postoccupancy situation. The inevitable overcrowding in small residential rooms necessitates the investigation of a novel facade design solution that simultaneously takes into account daylighting and space use in perimeter zones. The challenge lies in optimizing the proportion and distribution of opaque areas of a facade to assist residents in making full use of the space behind the opaque areas and ensuring that indoor daylight levels meet the requirements of Chinese daylight standards.
The approach to solving this problem is related to studies in the field of facade design, which includes the facade design of residential rooms, daylighting performance, daylight simulation and daylight use in occupied rooms. Since a facade functions as the interface for obtaining natural light and solar energy in a building as well as for the outward appearance (Hausladen et al. 2008) , research on facade design involves a wide range of issues, such as aesthetics, user preference, human behavior, lighting, indoor thermal comfort, natural ventilation and energy consumption (Cheung and Chung 2008; Alkhresheh 2012; Hochberg et al. 2010; Gagne and Andersen 2012; Smith and Levermore 2008; Lavafpour and Sharples 2014; You et al. 2013 ). In the past decade, as natural lighting has been shown to be environmentally benign and psychologically satisfying for Markus (1967) has demonstrated that a long horizontal window can illuminate almost twice as much area in a room as three vertical windows. Boubekri (2008) illustrated the contours of daylight penetration with side windows of different widths, which clearly reveals how the width of the window affects the depth and position of the daylight area in an empty
